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Summary
Introduction:  Hip  fractures  are  a  reliable  indicator  of  osteoporosis.  Despite  their  importance,
few studies  have  assessed  their  epidemiology  in  Lebanon  and  the  Middle  East.
Hypotheses:  Hip  fracture  incidence  rates  in  Lebanon  approximate  those  of  Northern  countries,
and show  the  same  characteristics,  particularly  the  exponential  increase  with  age,  higher
incidence  in  women,  and  a  recent  trend  of  rate  leveling  in  women  but  not  in  men.
Materials and  methods:  A  national  database  of  hip  fracture  cases  admitted  to  hospitals  in
Lebanon in  2007  was  created.  Crude  and  age-adjusted  incidence  rates  were  calculated  at  5-
year intervals  for  individuals  over  age  50.  These  rates  were  also  standardized  to  the  2000
United States  population,  and  compared  to  those  of  other  countries.  Projected  incidence  rates
in Lebanon  in  2020  and  2050  were  also  calculated.
Results:  A  total  of  1199  patients  were  included  in  the  study.  The  crude  annual  incidence  rate  in
individuals  over  50  was  147  per  100,000  individuals,  132  per  100,000  males  and  160  per  100,000
females,  with  a  female-to-male  ratio  of  1.2.  The  age-standardized  annual  incidence  rates  (per
100,000) were  180  in  males  and  256  in  females.  Assuming  unchanged  healthcare  parameters,
ce  rates  for  people  over  50  are  expected  to  reach  174  and  284  perthe projected  crude  inciden
100,000 in  2020  and  2050  respectively.
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Conclusions:  Lebanese  hip  fracture  rates  are  lower  than  Northern  countries,  but  show  many
similar characteristics  such  as  an  exponential  increase  with  age,  a  higher  incidence  in  women,
and clues  of  a  leveling  of  rates  in  women  but  not  in  men.  Numbers  are  expected  to  increase
substantially  in  the  coming  decades.
Level  of  evidence:  Level  IV.  Epidemiological  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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ip  fractures  are  the  most  important  among  fragility  frac-
ures  in  terms  of  morbidity,  mortality  and  healthcare  cost
1—3].  They  are  considered  a  close  indicator  of  osteoporosis
n  a  population,  since  nearly  all  cases  are  admitted  to  hospi-
als  and  can  be  assessed  for  having  an  osteoporotic  fracture
r  not,  unlike  wrist  fractures  for  example,  who  may  beneﬁt
rom  deﬁnitive  treatment  in  the  clinic  or  emergency  set-
ing,  and  be  discharged  and  lost  of  sight  from  there  [4].  The
nnual  incidence  of  hip  fractures  is  projected  to  reach  6.26
illion  worldwide  by  2050,  more  than  ﬁve  times  that  of  1990
4].  Some  report  seven  expect  7.3—21.3  million  fractures  in
he  year  2050,  with  more  than  70%  of  the  increase  occurring
n  Asia,  Latin  America,  the  Middle  East  and  Africa  [5].  This  is
argely  due  to  the  considerable  increase  in  lifespan  in  devel-
ping  countries,  and  therefore  in  the  proportion  of  elderly
ndividuals.  The  incidence  of  hip  fractures  varies  consider-
bly  between  regions,  and  according  to  age  and  gender  [5].
ew  reports  have  studied  the  epidemiology  of  hip  fractures
n  the  Middle  East  and  Mediterranean  basin  regions,  which
re  characterized  by  similar  meteorological  conditions  and
ocial  and  dietary  habits.  Furthermore,  recent  data  have
escribed  widespread  high  prevalence  of  vitamin  D  deﬁ-
iency  in  the  sunny  Middle  East  region  in  general,  and  more
peciﬁcally  in  Lebanon,  even  in  people  with  good  sun  expo-
ure  and  good  physical  activity,  suggesting  this  deﬁciency
ay  be  multifactorial  [6,7].  This  further  highlights  the  need
o  focus  on  the  problem  of  fragility  fractures  in  this  region,
articularly  hip  fractures.
The  present  study  is  a  nationwide  retrospective  epi-
emiological  assessment  of  the  incidence  and  demographic
haracteristics  of  hip  fractures  in  Lebanon.
Our  two  main  objectives  were  to  compare  the  Lebanese
umbers  to  those  of  different  countries  worldwide,  and  to
haracterize  their  recent  temporal  evolution.
We  hypothesize  that:
 hip  fracture  incidence  rates  in  Lebanon,  one  of  the  more
developed  countries  in  the  Middle  East  region,  approxi-
mate  those  of  Northern  countries,  with  a  higher  incidence
in  elderly  female  patients;
 a  certain  leveling  of  rates  can  be  seen  in  women  but  not
in  men,  in  concordance  with  developed  countries’  data.
ethodsebanon  is  a  10,452  km2 country  located  at  the  eastern  bank
f  the  Mediterranean  Sea,  with  a  population  estimated  to
ore  than  four  million  (last  ofﬁcial  count  of  3,869,000  in
ﬁ
e
2006),  the  vast  majority  of  whom  are  Caucasian.  Most  of  the
ebanese  population  follows  a  typical  Mediterranean  diet.  In
008,  the  Lebanese  Ministry  of  Health  issued  a  decree  requir-
ng  all  hospitals  in  the  country  to  complete  a  form  for  each
atient  admitted  for  hip  fracture  during  the  year  2007.  Data
ollected  included  patient  name,  age,  gender,  contact  coor-
inates,  admission  and  discharge  dates,  and  surgery  code.
he  ofﬁcial  representatives  of  the  ministry  of  health  in  each
ospital  were  asked  to  ﬁll  the  forms  themselves.  Given  that
ll  hip  fractures  —  except  in  rare  situations  —  need  to  be
perated  upon,  the  number  of  surgeries  done  was  veriﬁed
ith  the  registries  of  the  hardware  provider  companies.
he  numbers  were  congruent  after  verifying  the  names  of
atients  and  hospitals.
Using  the  Lebanese  population  ﬁgures  given  by  the
S  Bureau  of  Census  website  [8], the  crude,  age  and
ender-speciﬁc  annual  incidence  rates  of  hip  fracture  were
alculated  for  patients  over  50  years  of  age  in  5-year  inter-
als  (age  50—54,  55—59,  etc.)  and  expressed  as  fractures  per
00,000  inhabitants  per  year.  These  crude  incidence  rates
ere  computed  as  the  number  of  new  cases  of  hip  frac-
ures  in  the  year  2007  in  each  age  category  for  one  gender
ivided  by  the  count  of  the  Lebanese  subpopulation  of  the
ame  age  category  and  gender  (for  example  males  50—54
ears  old,  etc.).  As  differences  in  crude  incidence  rates  of
ip  fractures  among  populations  may  be  due  to  the  differ-
nt  age  distribution  in  the  distinct  populations,  we  used  the
irect  age  adjustment  (or  age  standardization)  method  to
ccount  for  possible  differences  in  age  distribution  among
opulations.  Direct  age-adjustment  was  applied  to  the  set
f  incidence  rates;  the  age-speciﬁc  rate  for  each  age  group
n  the  study  population  was  multiplied  by  the  appropriate
eight  in  the  standard  population  (the  weights  being  the
roportion  of  people  in  the  same  age  group  in  the  standard
opulation).  The  directly  age-adjusted  or  age-standardized
ate  is  the  sum  of  these  products;  conceptually,  it  is  the  esti-
ated  incidence  rate  of  hip  fractures  in  Lebanon  in  the  year
007  if  the  Lebanese  population  at  that  time  had  the  same
ge  distribution  of  the  standard  population  (chosen  here  as
he  2000  United  States  population).
Based  on  these  age-adjusted  rates,  the  ratios  of  hip  frac-
ure  rates  in  men  versus  women  above  the  age  of  50  were
alculated.  To  enable  comparisons  with  other  populations,
ncidence  rates  were  standardized  to  the  2000  United  States
opulation,  also  using  the  numbers  from  the  US  bureau  of
ensus  website  (www.census.gov).  The  direct  standardiza-
ion  enabled  us  to  perform  comparisons  to  corresponding
gures  in  the  literature.Assuming  unchanged  prevention  and  healthcare  param-
ters,  projected  incidence  rates  for  the  years  2020  and
050  were  calculated  from  estimates  of  the  population
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DFigure  1  Number  distribution  in  5-ye
distribution  of  Lebanon  in  those  years  [8],  using  the
expected  direct  method  of  standardization.
Data  was  analyzed  using  Microsoft  Excel  and  the  statisti-
cal  software  SPSS  16.0.
Results
There  are  145  hospitals  in  Lebanon,  124  of  which  are  private.
The  direct  response  rate  among  hospitals  was  90%  (131/145
hospitals),  varying  from  81.8%  in  the  Bekaa  district  to  100%
in  the  South  Lebanon  district.  However,  taking  into  consid-
eration  that  requests  were  sent  even  to  hospitals  that  do
not  deal  with  orthopedic  cases  (e.g.,  eye-specialized  hospi-
tals,  hospitals  under  construction  at  the  time  of  study. . .),
the  actual  response  rate  reached  97%.  The  total  number
of  recorded  hip  fracture  cases  in  the  Lebanese  population
above  age  50  in  2007  was  1199.  Only  11%  of  patients  were
treated  in  public  hospitals.  The  length  of  stay  was  missing  in
271  ﬁles.  The  median  length  of  stay  in  the  remaining  cases
was  6  days  with  an  interquartile  range  of  4—8  days,  for  any
type  of  arthroplasty  or  open  reduction  with  internal  ﬁxa-
tion  (ORIF)  procedure.  The  median  age  of  patients  with  hip
fracture  was  76  years,  with  an  interquartile  range  of  69—82
years,  and  a  mean  age  of  75  years  (standard  deviation  =  10.1
years).  Fig.  1  shows  the  number  distribution  among  men  and
women  over  50  years,  in  5-year  intervals
I
i
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Figure  2  Age  and  gender  speciﬁc  incidence  rtervals  for  individuals  above  50  years.
Of  the  total  of  1199  hip  fractures,  503  occurred  in  men
nd  696  in  women.  The  crude  annual  incidence  rate  of  hip
ractures  in  patients  over  50  years  was  132  in  males  and  160
n  females,  with  a  female-to-male  ratio  of  1.2.  The  age  and
ender-speciﬁc  rates  are  presented  in  Fig.  2.
Using  the  2000  US  population  as  reference,  the  age-
tandardized  annual  incidence  rates  of  hip  fractures  for
ndividuals  over  age  50  were  180  in  males  and  256  in  females
er  100,000  persons  (Table  1).  Furthermore,  the  expected
rude  incidence  in  2020  and  in  2050  of  hip  fractures  in
he  Lebanese  population  among  different  age  categories  is
hown  in  Table  1.  The  crude  incidence  rate  of  hip  fractures
mong  the  50  years  and  above  age  category  is  expected
o  nearly  double  between  2007  and  2050,  assuming  that
he  current  standards  of  prevention  and  treatment  do  not
hange.
Fig.  3A  and  B  shows  the  reported  incidence  rates  of  hip
ractures,  standardized  to  the  2000  US  population,  for  sev-
ral  countries,  compared  to  our  results  [9—17].
iscussionn  contrast  to  many  regions  such  as  Europe,  North  Amer-
ca  and  Eastern  Asia,  only  few  reports  have  evaluated
he  epidemiology  of  hip  fractures  in  the  Middle  East.  This
tudy  is  based  on  hip  fractures  reported  exhaustively  by
ates  of  hip  fractures  per  100,000  persons.
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Table  1  Crude,  standardized  and  expected  incidence  rates  (per  100,000  person/year)  of  hip  fractures.
Yearly  incidence  (per
100,000  person)
Total  population  Men  Women  Total  population
Crude
rate
Standardized
rate
Crude
rate
Standardized
rate
Crude
rate
Standardized
rate
Expected
crude  rate
Expected
crude  rate
Age  ≥  50  yrs  147.3  222.5  132.3  179.7  160.4  256.2  174.3  283.5
Age ≥  55  yrs  183.5  280.9  161.5  228.7  203.0  319.9  214.8  322.7
Age ≥  60  yrs 232.3 352.4  205.4  295.1  256.2  392.7  276.7  385.4
Age ≥  65  yrs 306.7 444.8 270.2  380.6  338.5  486.8  374.1  487.1
Age ≥  70  yrs 425.9 569.7 373.9 499.1 469.3 611.6 515.5 636.6
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1Based on International Data base — US Census Bureau http://www
lmost  all  Lebanese  hospitals,  and  is  an  additional  tool
or  understanding  the  worldwide  geographical  variation  in
he  incidence  of  hip  fractures.  The  importance  of  this
ubject  comes  from  its  considerable  projected  socioeco-
omic  burden  in  the  upcoming  two  decades  [8].  In  fact,
any  countries  have  provided  the  World  Health  Organiza-
ion  (WHO)  with  statistical  basis  for  the  establishment  of
he  country-speciﬁc  10-year  fracture  risk  assessment  engine
RAX  (www.shef.ac.uk/frax).  This  engine  helps  in  adjusting
he  osteoporotic  prevention  and  treatment  programs  in  each
ountry.
The  main  ﬁndings  of  our  study  were  that  hip  fracture
ncidence  rates  in  Lebanon  are  consistent  with  patterns
escribed  in  most  populations,  where  there  is  an  exponen-
ial  increase  with  age  for  both  sexes.  As  expected,  over  half
f  the  total  number  of  hip  fractures  in  both  genders  occurs
n  the  age  group  75  years  or  older  [2].
According  to  a  recently  published  study  by  Sibai  et  al.,
ge-adjusted  incidence  rates  in  Lebanon  were  lower  than  in
orthern  Europe  and  the  USA,  but  comparable  to  those  in
outhern  Europe  [9].  However,  this  report  was  based  only  on
atients  covered  by  the  Lebanese  Ministry  of  Health  (MOH),
hich  constitutes  at  best  50%  of  the  population,  with  the
emainder  beneﬁting  from  other  third  party  coverage  (such
s  private  insurance,  social  security  services,  etc.).  There-
ore,  a  potential  ﬂaw  of  Sibai’s  work  is  selection  bias.
c
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In  contrast,  the  present  study  comes  to  make  a  more  com-
lete  analysis  by  including  the  entire  Lebanese  population
97%  of  hospitals),  regardless  of  third  party  coverage,  pro-
iding  a  statistically  more  reliable  baseline  for  calculation
f  the  FRAX.  We  found  age-adjusted  rates  in  women  con-
iderably  lower  than  those  reported  by  Sibai  [18],  possibly
ecause  of  the  aforementioned  selection  bias.
Our  rates  were  closest  to  the  US  rates  of  2006  [19],  but
ower  than  those  of  2005  and  most  Northern  European  ﬁgures
uch  as  Sweden,  Norway  and  Finland  [8,20].  The  same  is
bserved  in  the  literature  in  Iran  in  2006  [21,22]  and  in  many
astern  Asian  countries,  where  age-standardized  rates  are
0—70%  of  the  Northern  European  ones  [23].  This  could  be
ue  to  the  fact  that  the  Lebanese  and  the  aforementioned
opulations  are  ‘‘younger’’  than  Northern  countries,  which
ave  higher  life  expectancies.
Moreover,  our  numbers  fall  within  the  range  of
00—300/100,000  person  years  reported  for  Southern  Euro-
ean  countries,  in  the  MEDOS  study  of  the  previous  decade
24], indicating  a  probable  inﬂuence  of  common  Mediter-
anean  characteristics  (climate,  food,  genetics.  . .). Hence,
ur  ﬁrst  hypothesis  could  not  be  conﬁrmed  and  Lebanese
umbers  fall  at  midway  between  developing  and  rich
ountries.
In  contrast,  a study  done  in  nearby  Kuwait  by  Memon
n  1998  found  rates  higher  than  other  Asian  countries  and
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similar  to  some  European  and  North  American  ones  [25].  In
that  manner,  rates  among  countries  of  a  certain  geographi-
cal  location  are  not  always  homogenous,  which  suggests  that
numerous  other  inﬂuential  factors  need  to  be  investigated.
Interestingly,  female  predominance  in  our  study  is
marked  only  in  few  age  groups.  For  instance,  age  and
gender-speciﬁc  hip  fracture  rates  were  20.1  times  higher  in
women  75—79  years  old  than  in  women  in  the  50—54  years
age  group,  and  in  men,  the  rates  were  12.1times  higher.
As  for  the  65—69  age  group,  incidence  rates  were  identical
between  both  sexes.  Moreover,  Fig.  3A  and  B  show  that  the
incidence  rates  of  hip  fractures  in  Lebanon  are  in  the  lower
half  among  populations  worldwide  for  women,  but  among
the  highest  for  men.
Although  we  do  not  have  older  numbers  in  Lebanon  for
comparison,  these  ﬁndings  could  nevertheless  concur  with
our  second  hypothesis  assuming  a  trend  break  and  level-
ing  of  the  rates  in  women,  but  not  in  men.  This  has  been
reported  in  many  developed  countries,  possibly  reﬂecting
successful  long-term  osteoporosis  management  and  preven-
tion  programs  over  the  last  two  decades,  focused  almost
exclusively  on  women  [8,26—28].
This  could  delineate  the  need  to  acknowledge  more  the
weight  of  ‘‘male  osteoporosis’’,  and  adapt  our  treatment
regimens  accordingly.
Our  study  was  limited  by  the  non-response  of  a  minor
proportion  of  hospitals  in  the  country.
Furthermore,  we  could  not  collect  data  about  the  nature
of  the  fall,  nor  comorbidities,  and  the  data  distinguishing
intracapsular  and  intertrochanteric  fractures  was  incom-
plete,  and  thus  not  interpretable.  Finally,  our  incidence
projections  for  2020  and  2050  assume  that  the  current  stan-
dards  of  healthcare  remain  unchanged,  which,  while  not
entirely  realistic,  still  provide  an  estimate  of  the  magnitude
of  this  medical  problem  in  the  future.
Information  regarding  current  and  projected  incidence  of
osteoporotic  hip  fractures  is  essential  for  planning  and  allo-
cating  healthcare  resources  at  the  population  level,  and  is
also  key  for  the  efﬁcient  use  of  anti-osteoporotic  drugs  at
the  level  of  individuals.  Therefore,  it  would  be  most  inter-
esting  and  exploitable  to  have  further  periodic  studies  in
Lebanon  in  order  to  delineate  a  potential  trend  in  the  evo-
lution  of  hip  fracture  epidemiology.
Conclusions
The  Lebanese  hip  fracture  incidence  rates  are  lower  than
those  of  developed  Northern  countries,  although  many
common  characteristics  could  be  brought  up,  such  as  the
exponential  increase  with  age,  the  higher  incidence  in
women,  and  proofs  of  a  leveling  of  rates  in  women  but  not  in
men.  The  numbers  of  hip  fractures  in  Lebanon  are  expected
to  increase  greatly  in  the  few  coming  decades.  Fracture  risk
evaluation  policies  should  be  seriously  redrawn  to  anticipate
this  costly  public  health  problem.Disclosure of interest
The  authors  declare  that  they  have  no  conﬂicts  of  interest
concerning  this  article.
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